This study analysed the temporal and spatial changes in the water yield coefficient (WYC), which represents the ratio of the gross amount of water resources to precipitation. Factors such as precipitation, rainstorm days, rainless days, vegetation cover change, and land use/cover change were considered to determine the causes of these changes. The results led to the following conclusions:
Introduction
The water yield coefficient (WYC) refers to the proportion of the amount of gross water resources (i.e., the amount of surface water and groundwater that does not overlap with surface water generated by precipitation) in a region. This parameter reflects the potential of precipitation to transform into water resources and a region's water yielding capacity. According to the definition, changes in the WYC are mainly related to changes in the precipitation characteristics and/or the underlying surface conditions [1] [2] [3] [4] [5] [6] .
In recent years, under the influence of global climate change and human activities, the water cycle has changed dramatically. The spatial and temporal distribution of water resources has become uneven, and extreme precipitation events and droughts are occurring more frequently. Meanwhile, the underlying surface condition changes have led to changes in the process of runoff yield and convergence, resulting in considerable challenges for sustainable water resource utilization and development [7] [8] [9] [10] . One such area is the Huang-Huai-Hai River Basin, which refers to three subriver basins, namely, the Yellow River Basin, the Huai River Basin, and the Hai River Basin. It occupies an important position in the national water resources strategic layout. However, for a long time, the region has had a high frequency of drought and flood disasters and surface water resource 2 Advances in Meteorology shortages, coupled with areas of overexploitation of the groundwater; hence, the water resource decay problem is serious [11, 12] .
Recently, many scholars have studied the precipitation change and related problems in the Huang-Huai-Hai River Basin. Zhang et al. [13] used twelve indicators to analyse the temporal and spatial changes in extreme precipitation in the Huang-Huai-Hai River Basin. Yan et al. [14] focused on whether the change in precipitation intensity after a drought event in the Huang-Huai-Hai River Basin was larger than before. Yin et al. [15] explored the occurrence of extreme precipitation events in the Huang-Huai-Hai River Basin from 1961 to 2011 and then simulated and predicted the possible future situation. Yang et al. [16] used the index of precipitation to evaluate the drought and flood conditions in the Huang-Huai-Hai River Basin and explored the temporal and spatial distributions of drought and flood events and their combined characteristics. Yuan et al. [17] studied the spatiotemporal variability of the two special extreme events-consecutive drought and heavy rain after a drought.
Precipitation is the main source of regional water resources, and, in general, a change in precipitation results in a change in the regional gross water resources amount. Hao et al. [18] found that the gross water resources amount was positively correlated with the annual precipitation in a study on the impact of climate change on the gross water resources amount in Hebei Province with a correlation coefficient of 0.913 and a confidence level that was greater than 0.001. Sun et al. [19] proposed a consistency test method based on a hydrological statistical theory that replaces the precipitation-water yield line with the WYC in a study of future water resource forecasting methods in water-deficient areas. Then, they analysed and predicted the trend of the gross water resources amount in northwestern Liaoning Province. However, Gao and Huang [20] analysed the annual WYC and annual precipitation of provinces and cities in China and found good positive correlations in most provinces (as well as cities and districts): high annual precipitation is associated with a large WYC, and low precipitation is associated with a small WYC. They also observed a negative correlation or no obvious relationship between the annual WYC and the annual precipitation in some provinces (as well as cities and districts); however, the WYC is relatively stable. Thus, in this case, consideration should be given to other underlying factors other than precipitation, such as vegetation, and land use/cover (LUC).
Many scholars have also studied the effects of underlying conditions, such as vegetation and LUC, on the hydrological cycle. Based on the study of the impact of global land use/cover change (LUCC) on the terrestrial water cycle, scholars have argued that human activities have altered the LUC, thereby affecting CO 2 emissions, the vegetation, and the evapotranspiration (ET) and runoff [21, 22] . Mishra et al. [23] examined the relative effects of regional LUC patterns and future climate change projections on hydrological processes and found that certain LUCC types (converting forests to farmland) result in reduced ET and increased flow. Twine et al. [24] also concluded that when grassland is converted into cropland, the amount of ET will increase. Liu et al. [25] used an integrated dynamic land ecosystem model (DLEM) and spatial LUCC data to estimate the effect of LUCC on the magnitude and spatiotemporal pattern of variations in ET, runoff, and water yield in China. The results showed that urban sprawl and forest-grassland conversion decreased ET and increased the water yield. Most deforested areas converted into paddy land or irrigated dry farmland normally have decreased ET and an increased water yield amount. Oki and Kanae [26] also reached similar conclusions. They considered that the amount of ET in cropland and grazing land accounts for one-third of the total amount of terrestrial ET. Scanlon et al. [27] suggested that rangeland and irrigated land has a large amount of ET and that dryland accounts for a relatively small proportion. LUCC will affect the amount of ET, which in turn affects the amount of water yield [28] [29] [30] , and some scholars have concluded that deforestation will reduce the amount of ET and increase the water yield [31, 32] .
Throughout the previous studies, some studies have focused on changes in precipitation, some have investigated the impact of changes in vegetation and LUC on the water cycle process, and some have identified a consistent relationship between the regional WYC and precipitation. Based on these results, to simulate the regional gross water resources amount, a few researchers have explored the evolution of the regional WYC and the factors driving these changes. Based on this work, in this paper, factors such as precipitation, rainstorm days, rainless days, NDVI, and LUC are taken into account to analyse the evolution characteristics and genesis of the WYC. The purpose is not only to understand the input and output of water resources in the region but also to identify the mechanisms responsible for changes, to provide a strong scientific basis for the sustainable use and management of regional water resources, and to promote social economic and environmental resource development to ensure more harmonious and stable utilization.
Material and Methods

Study Area.
The Huang-Huai-Hai River Basin includes three first-class water resources areas, the Yellow River Basin, Huai River Basin, and Hai River Basin. These basins, located within 32 ∘ 10 ∼43 ∘ N and 95 ∘ 53 ∼122 ∘ 60 E, are spread across 12 provinces and two municipalities: Gansu, Qinghai, Sichuan, Ningxia, Inner Mongolia, Shaanxi, Shanxi, Hebei, Shandong, Henan, Anhui, Jiangsu, Beijing, and Tianjin. The three major river systems in the region-the Yellow River, Huai River, and Hai River-cross China from west to east and cover a wide range from north to south. The total basin area is large, accounting for approximately 15% of the land area of China [33] . The overall terrain can be divided from west to east into four levels decreasing in elevation: the Qinghai-Tibet Plateau, the Inner Mongolia Plateau, the Loess Plateau, and the Huang-Huai-Hai Plain [15, 16] . Climate change in the basin is significant, but the average annual precipitation is 556.0 mm, and the average annual evaporation is 1699.5 mm [34] . The Huang-Huai-Hai River Basin contains 35% of the population of China, and its GDP accounts for 32% of the national GDP [17] . This region is an important domestic major food production area and energy base, and it has an important strategic position in China's development. However, the distribution of precipitation in the region is uneven, and interannual changes are frequent. The region is frequently affected by flooding and drought, and the amount of water resources is seriously insufficient. The total amount accounts for only 7.6% of the country's gross water resources. In the past 20 years, precipitation has decreased greatly, and the average annual precipitation from 1980 to 2000 was generally lower than that from 1956 to 1979. The available water in the Yellow River Basin, Huai River Basin, and Hai River Basin has decreased by 7.2%, 8.5%, and 11.5%, respectively. The average annual water resources for the years of 1956-2000 were 20.04 billion m 3 , which is 5.3% lower than the average from 1956 to 1979, with the Hai River Basin exhibiting a decrease of 12.1%. Due to the common influence of climate change and human activities, the conditions of the underlying surfaces have changed significantly, the amount of water resources has diminished greatly, and the relationship between rainfall and the gross water resources amount has undergone profound changes. Hence, hydrological consistency no longer exists, the water resources situation has become dire, and the management of the water resources is facing great challenges [11] .
Data.
The WYC is calculated based on the gross water resources amount and annual precipitation data collected by the Municipal Water Resources Bulletin. Using ArcGIS to find the centre of the city and generate a point vector with WYC information, we selected the inversed distance weighted (IDW) method [35] for spatial interpolation, and a grid plot with a spatial resolution of 1 km × 1 km was generated.
The precipitation data were derived from the basic meteorological elements of China's national meteorological stations (V3.0) (2,474 national terrestrial weather stations). The continuous precipitation observation data series (January 1961-December 2011) and precipitation data from the meteorological stations within the four-point range of the HuangHuai-Hai area were used as the basic data for the study. A total of 1,124 sites were selected ( Figure 1 ). We also used the daily precipitation observation data from the meteorological stations to generate the point vector diagram with daily precipitation information and selected the IDW method for spatial interpolation to generate the grid map with daily precipitation information at a spatial resolution of 5 km × 5 km. Then, based on the raster data summary from 1982 to 2011 annual growth season (4-10 months) rainless days (daily rainfall less than 5 mm), rainstorm days (daily rainfall is greater than or equal to 50 mm), and annual precipitation, we obtained the trend and multiyear average.
LUC data were derived from the national LUCC database, and this study analysed the data at a scale of 1 : 100,000 in the Huang-Huai-Hai River Basin for 1980, 1995, 2000, and 2005 .
The vegetation data were derived from NASA's normal- So ut h Ca na l
Ji n g h a n g C a n a l and the 2000-2011 MOD13A3 data (these data are half scale with a spatial resolution of 1 km) have been subjected to geometric correction, radiation correction, atmospheric correction, and other pretreatments. Since the GIMMS sensors were different from the MODIS sensors, the two sets of data images are biased and misaligned; thus, they were coregistered. Based on the coregistered MODIS data, the GIMMS data were extended to 2011. Then, using the simultaneous data (2000-2006), we calculated the correlation coefficient between the extended data and the measured data [36] . The NDVI mean correlation coefficient of the Huang-Huai-Hai River Basin was found to be above 95%. After obtaining the NDVI data for the study year, the trend and multiyear annual mean value were calculated to reflect the vegetation coverage during the growing season.
Methods
Climate Trend Method.
The general linearity estimation method can be used to calculate the trend of a single grid. We used ArcGIS software, and formula (1) can be used to calculate the trend of each grid, which reflects the distribution of the trend in the entire space. Based on the grid map of WYC, annual precipitation, number of rainstorm days, number of rainless days, and NDVI in the Huang-Huai-Hai River Basin, this study used the linear regression method to analyse the trends of the above data:
The slope represents the time series change. When the slope is >0, the trend of the time series is positive, and the values increase over time; otherwise, it is negative. The variable, , is 
Land Use Transfer Matrix Analysis.
The transfer matrix is a common method used around the world to reveal the direction of change between LUC types, and it can reflect the structural characteristics of LUCC in a comprehensive and concrete way, reflecting the direction of LUCC related to human activities [37, 38] . This method is derived from the quantitative analysis of a system state and state transition in system analysis, which reflects the process of transitioning a substable system from to + 1 in a certain time interval, in order to better understand the spatial and temporal evolution of the LUC pattern [38] . The meaning of the expression of the elements in the matrix is very clear, and there is a clear statistical relationship between the ranks, usually given in the form of a table. The significance of the transfer matrix is that it not only reflects the structure of the LUC type during each period but can also reflect the change in the transition between different types of land. It can also provide a better understanding of the source and composition of the LUC transition [37, 38] . The mathematical form of the transfer matrix is as follows:
where is the area; is the number of LUC types; and are the LUC types at the beginning and end of the study period, respectively; and refers to class land converted into class land. From the meaning of the transfer matrix, we can see that the sum of row is the area of LUC class for the base period, and column is the area of LUC for the study period.
At present, the vector used in the land use state transfer matrix can be the LUC type area or the probability of LUC type conversion into the final LUC type, which is called a Markov transition probability matrix [37] . In this study, the former was used to analyse the LUC type transition in the Huang-Huai-Hai River Basin.
Spatial Clustering Analysis.
Clustering involves classifying data objects into multiple classes or clusters. There is a high degree of similarity between objects in the same cluster, and objects in different clusters are different from each other. The degree of dissimilarity is calculated from the attribute value of the described object, and the distance is often used as a measure. The most common distance is the Euclidean distance, defined as follows:
= ( 1 , 2 , . . . , ) and = ( 1 , 2 , . . . , ) are two -dimensional data objects.
In this paper, considering the causes of the change in WYC in different areas, we have performed four cluster analyses. The first is a clustering of the grid map of the WYC trend and precipitation trend during 1961-2011. The second is a clustering of the grid map of the WYC trend, precipitation trend, rainstorm days trend, rainless days trend, and NDVI trend during 1961-2011. The third is a clustering of the grid map of the multiyear average WYC and multiyear average precipitation during 1982-2011. The fourth is a clustering of the grid map of the multiyear average WYC, multiyear average precipitation, multiyear rainstorm days, multiyear rainless days, and multiyear NDVI value during 1982-2011. Using the ArcGIS spatial analysis tool, the Euclidean shortest distance clustering method was used to cluster the above grid, and the eigenvalues of the elements in each classification were obtained and analysed. 
Results and Analysis
Temporal Variations in the WYC.
where WYC norm is the normalized WYC, WYC min is the minimum value of the long-sequence WYC during 1961-2011, and WYC max is the maximum value of the long-sequence WYC during 1961-2011. From the temporal variations of the actual WYC during the period from 1961 to 2011, the variation range of the WYC in the Huang-Huai-Hai River Basin was relatively small. The trend was between −0.05/10a and 0.04/10a, and the trend of the normalized WYC was between −0.15/10a and 0.12/10a. As 
Causes of the Temporal Variations.
According to the definition of WYC, the main factor affecting the variation in WYC is hypothesized to be precipitation; thus, we first analyse the precipitation trend from 1961 to 2011 ( Figure 4 ). The central part of the Yellow River Basin, most of the Hai River Basin, and the Shandong Peninsula in the Huai River Basin all showed negative trends. The northern and western parts of the Yellow River Basin (Qinghai province) and the southern part of the Huai River Basin showed positive trends. After clustering the WYC and the precipitation trend, a map of cluster distribution between WYC and precipitation trend ( Figure 5 ) was obtained and was generally divided into five types. The average relationships between the two factors in various regions are shown in Figure 6 . The first (red), fourth (light green), and fifth (green) types all showed good positive correlations between the two factors; that is, when the precipitation increases, the WYC increases. The second (orange) and third (yellow) types showed negative correlations; that is, when the precipitation decreased, the WYC increased. From the first type to the fifth type, the precipitation trends gradually increase from negative to positive, but the changes in WYC are inconsistent. From the third to the fourth type, the precipitation increased from a negative trend of −6.9 mm/10a to a slight positive trend of 0.9 mm/10a, whereas the WYC changed from 0.027 mm/10a to 0.022 mm/10a, representing a reduction in the rate of increase. In the first to the third type, the precipitation decreases, but the WYC increases or slightly decreases. Therefore, the above analysis shows that both precipitation and other factors, such as other precipitation characteristics and other underlying surface conditions, affect the WYC. 
National boundary Provincial boundary Basin boundary (Figure 11 ) to conduct a comprehensive comparative analysis. Using the ArcGIS spatial analysis tool to obtain the cluster distribution map via the Euclidean shortest distance clustering method (Figure 12 ), the study area can be generally divided into five types. The average of the rates of change in the WYC and other four factors in each region was calculated, then the average rate of change in each factor was taken as the independent variable, and the average rate of change in the WYC was taken as the dependent variable to generate a correlation diagram (Figure 13 ). At the same time, the transition matrix (Table 1) For the first three types of areas, the first and second types are generally located in the central and northern parts of the Huai River, and the third type is mainly located in the central and western parts of the Yellow River Basin. In Figures 13(a) and 13(b) , the three points representing the three types are all located in the first quadrant, and the horizontal and vertical axis values gradually decrease from the first to the third type. For the first to the third types, the average trends for standardized WYC are 0.184/10a, 0.087/10a, and 0.065/10a, respectively; the trends for precipitation are water increased by 21.73%, but its proportion of the total area was relatively small at approximately 4% and showed little change. The area of urban land increased by 10.24%, that is, approximately 1449.19 km 2 , and its proportion of the total area was approximately 10%. In the second type, arable land accounted for the largest proportion of 67%, and it decreased by only 0.24%. Woodland increased by 9.54%, grassland decreased by 17.43%, urban land increased by 12.42%, and the other LUC types changed a little. In the third type, grassland, arable land, and woodland accounted for 42%, 31%, and 14%, respectively, but the changes were insignificant for the grassland (a decrease of 1.5%) and the arable land (a decrease of 1.66%). The area of urban land increased by 23.86%, corresponding to approximately 2790.55 km 2 .
The analysis of the three region types shows that the variation in precipitation characteristics is consistent with the WYC. For the rate of change, there are positive correlations between the WYC and precipitation and between the WYC and rainstorm days. The correlations between the WYC and rainless days are negative. Although NDVI is positively correlated with the rate of the WYC, the trend of NDVI is negatively correlated with that of the WYC; hence, the slower the rise in NDVI, the faster the rise in WYC. This pattern is slightly unusual in the second and third regions, considering that only the proportion of urban land in the third type increased, that the amount of ET increased, and that the changes in other LUC types were small. In the second type, the urban land area has increased, but the grassland area has decreased. Because of the interaction of these two factors, the ET changes were not obvious. These factors eventually led to a lower rate of increase in the WYC in the third type than in the second type, despite identical NDVI trends.
For the fourth and fifth regions, shown in Figures 13(a) and 13(b), the points of the two regions are located in the second quadrant for both precipitation and rainstorm days, and as the value of the independent variable decreases, the value of the dependent variable increases. For rainless days, the points representing the two regions are located in the first quadrant, indicating that the dependent variable increases with increases in the independent variable. The NDVI trend is the same as in the first three types. The average trends for standardized WYC were 0.062/10a and 0.105/10a, the trends for precipitation were −5.23 mm/10a and −24.45 mm/10a, the trends for rainstorm days were −0.01 d/10a and −0.13/10a, the trends for rainless days were 0.41/10a and 0.83/10a, and the trends for NDVI were 0.086/10a and 0.05/10a. In the fourth region, the LUC types mainly include grassland and arable land, accounting for approximately 39% and 34%, respectively, which decreased in area by 3302. 22 In general, the relationship between the different LUC types in terms of ET is as follows: water area > arable land > woodland > grassland > urban land [39, 40] . In both the fourth and fifth areas, the area of arable land and grassland decreased, while that of woodland and urban land increased, resulting in an overall decrease in ET and an increase in the water yield capacity. Therefore, even though the precipitation and rainstorm days decreased and rainless days increased, the WYC still rose.
Based on the above analysis, the average WYC of the five types of regions generally increased and was relatively stable under the influence of the various factors. The impact of precipitation characteristics can be divided into two extreme cases. In one case, the changes in LUC types have less effect on the WYC than increases in precipitation, rainfall intensity, and rainy season duration. In the other case, the changes in LUC types have a greater impact due to decreases in the precipitation, rainfall intensity, and rainy season duration. When the area of grassland and arable land decreased, the amount of ET decreased. Although the amount of woodland and urban land increased, the amount of ET was lower than that under arable land and grassland. These changes resulted in a decrease in total ET, so the WYC was not greatly affected. In both cases, changes in vegetation coverage had minimal effects on the WYC, demonstrating that slower rates of change in the NDVI were associated with faster rates of change in the WYC. Figure 15 Figure 16 . In the Huang-Huai-Hai River Basin, it is evenly distributed and gradually increases from the northwestern interior to the southeastern coast. The average annual precipitation is less than 300 mm in the Hetao Plain in the northwestern Huang-Huai-Hai River Basin but is greater than 800 mm in the North China Plain. By clustering the multiyear average WYC and the multiyear average precipitation, a cluster distribution map was obtained (Figure 17) , and the results are broadly divided into five types. The average value of the WYC and precipitation increases from the first to the fifth types, and the correlation between the two factors is shown in Figure 18 .
Spatial Patterns of WYC. According to
Causes of the Spatial Patterns. The spatial distribution of the average precipitation from 1961 to 2011 is shown in
2 of the linear trend is 0.94, indicating that the spatial distributions of WYC and precipitation correlate well.
Because the satellite remote sensing image data are from the 1980s, we combined the multiyear average WYC (Figure 19) , precipitation (Figure 20) , rainstorm days (Figure 21 ), rainless days (Figure 22 ), and NDVI ( Figure 23 ) to analyse the causes of the spatial distribution of the WYC. As shown in the NDVI distribution map, the vegetation coverage was low in the Yellow River Basin in the northern region but good in the other areas. The number of rainstorms exhibited a clear decrease in the Huai River Basin to the Hai River Basin and in the Yellow River Basin. The distribution of rainless days was also divided into three categories. The number of rainless days was largest in the Hetao Plain in the northern part of the Yellow River Basin and relatively small in the southern part of the Huai River Basin and in the Yellow River Basin in Sichuan Province. The above factors were clustered using the Euclidean shortest distance clustering method, and the cluster distribution map was obtained ( Figure 24 ). As shown on the map, the distributions of all parameters are very regular, and from the northwestern interior to the southeastern coast, the distributions can be divided into five types. The average value of WYC in the first to the fifth types ranges from 0.08 to 0.28. The average precipitation ranges from 220 mm to 790 mm, and the average value of NDVI ranges from 0.20 to 0.53. The average number of rainstorm days gradually increases from 4 days to 135 days, and the (Figure 25 ). Among these factors, the WYC is negatively correlated with the number of rainless days and positively correlated with the other factors; however, the correlation with vegetation coverage was poor. Table 2 lists the LUC in various regions. From the first type to the fifth type, the area of arable land gradually increases from 18.14% to 72.49%, while the proportion of grassland gradually decreases from 54.56% to 3.92%. The area of woodland increases gradually from the first type to the third type but gradually decreased in the fourth and fifth types. In the five region types, the sum of the proportions of arable land, woodland, and grassland are 75.14%, 89.09%, 91.66%, 86.12%, and 83.91%, respectively. In terms of ET, the different LUC types are ordered as follows: water area > arable land > woodland > grassland > urban land. This pattern, in combination with the change in vegetation coverage, suggests that although the vegetation coverage from the first type to the fifth type gradually increases, the area with the highest ET should be the third region type. Therefore, in the correlation maps between NDVI and WYC, the vegetation cover of the third type is higher than that of the second type, but the WYC does not change. From the fourth type to the fifth type, the increase in vegetation coverage is small, and the amount of ET decreases. Simultaneously, the precipitation characteristics tend to increase, leading to an increase in the average WYC.
The above analysis indicates that the average WYC has the highest correlations with precipitation characteristics and that the correlations with the underlying surface conditions, such as vegetation coverage and LUC, are relatively small. The WYC is positively correlated with precipitation and rainstorm days, negatively correlated with rainless days, and positively correlated with vegetation coverage, but the correlation coefficient is greatly influenced by the precipitation characteristics and the LUC types.
Discussion and Conclusions
The selection of an interpolation method is related to the accuracy of the data analysis. In this paper, we compared several commonly used spatial interpolation methods to interpolate the spatial distribution of precipitation and WYC. These methods included the IDW method, Kriging method, natural neighbour method, spline interpolation method, topo to raster method, and trend interpolation method. The IDW method is a commonly used and simple method of spatial interpolation. It takes the distance between an interpolation point and a sample point as the weighted average, and sample points closer to the interpolation point are given more weight as the weight is inversely proportional to the distance [41] . This method has been used by many scholars Advances in Meteorology 
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Average of precipitation (mm) <300 300-400 400-500 500-600 600-700 700-800 800-900 900-1000 >1000 0 300 150 hydrological model [44] . The Kriging method assumes that the distance or direction between sampling points reflects and accounts for the spatial dependence of the surface change by fitting the mathematical function to a specified number of points or all points within a specified radius to determine each output value of the position. Nusret and Dug compared the IDW and Kriging methods when drawing annual precipitation maps of Bosnia and Herzegovina and concluded that the Kriging method is more accurate and suitable for that area. Additionally, the interpolation results of the IDW method are not very good in mountainous area [45] . The principle of the natural neighbour method involves first constructing Voronoi polygons. When the unknown points are interpolated, a Voronoi polygon is also constructed to produce numerous intersections with the original polygons; then, the value of the point is determined according to 
Average of precipitation (mm) <300 300-400 400-500 500-600 600-700 700-800 800-900 900-1000 >1000 the proportion of each area [46] . Spline interpolation is a mathematical function interpolation using two-dimensional minimum curvature to generate a smooth surface just past the input point. This method is best suited to model gently varying surfaces, such as elevation, groundwater level, or contamination [47] . The topo to raster method is specifically designed to create digital elevation models (DEMs) that match the true surface. The trend is the actual distribution of a spatial trend surface that fits a geographic feature. The last [48] [49] [50] . This paper mainly studies the changes in the WYC by using the average WYC of each city for spatial interpolation to obtain the spatial distribution. Therefore, we randomly selected 12 cities evenly distributed throughout the basin (Figure 26 ). The results obtained from the six interpolation methods in ArcGIS in 1961 were compared with the average WYC for each city, and the results are shown in Figure 27 and Table 3 . As shown in Figure 27 , the gradient of the results is not smooth enough when calculated by the Kriging method, and the interpolated results of the trend method are quite anomalous. The spline and topo to raster methods yield negative interpolated values. As shown in Table 3 , for the 12 cities, the smallest error between the interpolated results and the average values was produced by the IDW method in 6 cities, the spline method in 4 cities, and the natural neighbour and topo to raster methods in 1 city each. In Anyang City, for the six methods, the minimum error is 20%, the rest are below 10%, and the minimum is 0.2%. The trend method has the highest error in terms of interpolation results, the Kriging method produced the largest error variation, and the other four methods have relatively small errors. According to the analysis of the interpolation map and the error comparison, the IDW method has a smaller number of errors than the spline method, which has a negative value in the graph. Therefore, the IDW method is selected as the interpolation method in this paper. Based on the above analysis, we have come to the following conclusions.
(1) The average annual WYC of the Huang-Huai-Hai River Basin is between 0.03 and 0.58, with an average of 0.17. This average is smaller than the national average WYC of 0.4. The smallest value appears in the middle of the HuangHuai-Hai River Basin, and the largest value appears in the south. The study area can be roughly divided into six types in terms of the spatial distribution of values, that is, <0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, and >0.5, which account for 29.7%, 38.1%, 22.1%, 8.8%, 1.0%, and 0.4% of the area, respectively. The average annual precipitation in the basin ranges from 119 to 1103 mm, increasing from the interior to the eastern coast. The average annual precipitation is less than 300 mm in the Hetao Plain in the northwestern Huang-HuaiHai River Basin but is greater than 800 mm in North China. The multiyear average NDVI value is between 0 and 0.72, and although the quality of vegetation cover in the central and northern parts of the Yellow River Basin has improved, it remains lower than in other areas. The distribution of rainless days gradually decreases from the interior to the southeastern coast. The spatial distribution of rainstorm days gradually increases from west to east (from the Yellow River to the Hai River to the Huai River) in a step-like pattern.
(2) For the time period of 1961 to 2011, the WYC in the Huang-Huai-Hai River Basin varied slightly, and the rates of change varied from −0.05/10a to 0.04/10a. Generally, the western region showed a negative trend, and the eastern region showed a positive trend. In terms of rates of change, precipitation and rainstorm days were positively correlated with the WYC, whereas rainless days were negatively correlated with the WYC. Although NDVI was positively correlated with the WYC, a slower change in the NDVI resulted in a faster change in the WYC. Changes in the LUC type can change the ET, thereby affecting the trend of WYC.
(3) As shown in the spatial pattern, the average WYC in the Huang-Huai-Hai River Basin gradually increases from the northern part of the Yellow River Basin (WYC < 0.1) to the surrounding areas. The multiyear average annual WYC in the southern part of Yellow River Basin (Sichuan Province) is greater than 0.5. After clustering analysis and plotting the WYC with various factors, the 2 values of precipitation, rainstorm days, rainless days, and NDVI were found to be 0.98, 0.91, 0.96, and 0.73, respectively. The correlation between the WYC and the precipitation characteristics is the largest, and the correlation between the WYC and the underlying surface conditions is relatively small. The WYC is positively correlated with precipitation and rainstorm days, negatively correlated with rainless days, and positively correlated with vegetation coverage, but the correlation coefficients are greatly influenced by the precipitation characteristics and the LUC types.
(4) In this paper, we analysed the temporal and spatial variation characteristics of the WYC in the Huang-HuaiHai River Basin, mainly considering two types of factors, precipitation characteristics (precipitation, the number of rainstorm days, and the number of rainless days), and the underlying surface conditions (NDVI and LUC). For future research, we will consider adding more factors, such as temperature and ET, and subdividing the study area to make the results more reliable. 
